The use of herbal therapy in pregnancy is common for pregnancy related nausea, vomiting, gestational diabetes, anxiety, insomnia, and preparation for labor, as well as for treating infections. Many conventional drugs may interfere with fetal development and herbal products are considered to be safe. However, herbal therapy requires competent healthcare professional advice before prescribing. Knowledge about the possible adverse effects of active compounds of the herbs on pregnancy outcome is limited. Interference of herbal ingredients with conventional medication or the ailment should also not be excluded. For many herbal products, the pharmacological effect is not clinically proven, and the safe usage in pregnancy is not guaranteed. Here, based on published clinical trials, an overview is given of the efficacy and safety for fetal development and pregnancy outcome of the most frequently used herbs: ginger, cranberry, echinacea, mint, chamomile, valerian, flaxseed, tea and raspberry leaf.
It is generally accepted that it is the best to avoid medication during pregnancy as much as possible in order not to interfere in pregnancy progression and outcome, and to avoid possible influence on fetal development. Various medications are used in about half of pregnancies and their application increases constantly [1] .
Most conventional drugs are not tested on pregnant women before their registration and marketing, their influence on fetal development is not complete, and unpleasent surprises are always possible, as happened with thalidomide [2] . For most drugs there is insufficient teratogenic data, so the healthcare professionals need to determine whether they are safe to be applied during pregnancy i.e. to balance between the risk for the baby and the benefit for the mother.
The indications for herbal therapy during pregnancy and the potential effects on fetal development and pregnancy outcome are even less available in medical literature. Healthcare professionals often do not have adequate knowledge to determine the risk-benefit ratio of herbal therapy application in pregnancy. However, marketed as dietary supplements or 'neutraceuticals', the herbal medical products use has been rapidly rising. The average percentage of herbal drugs use during pregnancy is 28.9%, and it ranges from 4.3% in Sweden [3] , to 48% in Norway [4] , 52% in Australia [5] , up to 58% in the UK [6] and 69% in Russia [3] . The prevalence of herbal drugs use in pregnancy depends upon geographic area, socio-cultural aspects and ethnicity [7] . For example, herbal medical product usage rose by 380% in the US general population between 1990 and 1997 [8] .
A good question is why women are prone to take herbal drugs in pregnancy? Herbs are used not only to treat illness, but also to maintain health and to improve the general condition. Pregnant women who are concerned about fetus safety may turn to herbal drugs rather than conventional prescription medication because of the perceived "natural way" for treating some medical conditions without possible adverse events on pregnancy. Growing concern about side effects of conventional drugs may also be a reason. The typical users of herbal drugs in pregnancy are the first time pregnant, highly educated, non-smokers, using folic acid and consuming some alcohol in pregnancy. Most women used herbal medicinal products in pregnancy on their own initiative and only 20% of users reported their use due to physician recommendation [3] . The use of herbal drugs in pregnancy is, in most cases, recommended and/or supported by family or friends [9] .
Seven observed studies [22] [23] [24] [25] [26] [27] [28] have proved that ginger, applied in the form of capsules, syrup or biscuits, is more effective than placebo (Table 1) . Ginger not only may be efficient in the therapy of nausea, but also can reduce the number of vomiting episodes in early pregnancy [22] [23] [24] [25] . Ginger was an efficient therapy for NVP when applied four times a day in the form of 250 mg capsules [22, 23] and when consumed as a tablespoonful of syrup containing 250 mg ginger, also four times a day [25] . For the treatment of NVP, the identical benefit was observed when ginger was administered only three times a day in the form of 250 mg capsules [24] . Ginger also induced relief of hyperemesis gravidarum symptoms in a double blind randomized study when administered as 250 mg capsules four times a day [26] . Based on these studies it can be concluded that 1 g ginger in the form of capsules divided into four doses is effective in the treatment of mild, moderate and severe NVP. Several studies [22] [23] [24] 26] demonstrated also that only four days of ginger therapy is required for NVP improvement. When syrup was applied [25] in the therapy of NVP, the reduced vomiting episodes were registered at day 6 of the treatment and a four-point improvement on the nausea scale was observed at day 9. Some trials indicated that ginger was effective only in the treatment of mild and moderate NVP, since it was more effective in nausea improvement, but did not reduce the vomiting episodes when compared with placebo [27, 28] . In these studies for NVP treatment, 125 mg ginger extract four times a day [27] and 0.5 g of ginger as a fine powder incorporated in a biscuit five times a day, were applied [28] . It can be assumed that ginger in the form of capsules is the most effective, which was in accordance with the results obtained from the prospective study [29] . In this study ginger was applied for the therapy of NVP in many different forms as capsules, ginger tea, fresh ginger, pickled ginger, ginger cookies, ginger candy, inhaled powdered ginger, ginger crystals and sugared ginger, but the capsules were recognized to be more effective than all the other preparations (p<0.001).
When compared with vitamin B6 efficacy against NVP, ginger was equivalently effective in reducing nausea, retching and vomiting in pregnancy, and both therapies, ginger and vitamin B6, improved the symptoms compared with the baseline [30] [31] [32] . In another study ginger was equivalent to vitamin B6 in reducing the number of vomiting episodes, but was more efficient in reducing the nausea severity [33] , and even improved both nausea and vomiting as a more potent anti-emetic in comparison with vitamin B6 [34] . All the reported trials comparing the efficacy of ginger vs vitamin B6 in NVP treatment used ginger in the form of capsules [30] [31] [32] [33] [34] . Studies in which ginger was equivalently efficient as vitamin B6 in NVP therapy applied ginger in a dose of 1 to 1.5 g per day, where a single dose was from 350 mg to 500 mg [30] [31] [32] . Ginger even reduced nausea severity in a more efficient manner than vitamin B6 when the treatment was applied for three months [33] , but probably the peak of NVP had passed since in most women after 17 gestation weeks NVP symptoms improved. Finally, the higher efficiency of ginger in comparison with vitamin B6 in nausea and vomiting symptoms relief was possibly a result of a very high applied dosage of ginger (1.95 g/day or 650 mg single dose) [34] . It may be assumed that ginger in a dose of 1 to 1.5 g per day is as efficient as vitamin B6 when applied in a dose of 40 to 75 mg/day in NVP therapy and even more efficient when applied in a dose as high as 1.95 g/day.
Comparison of ginger with dimenhydrinate in NVP therapy indicated that ginger with a dosage of 1 g/day in capsules may equivalently substitute for dimenhydrinate for the relief of nausea symptoms. However, the therapy based on dimenhydrinate required only 1-2 days to reduce the number of vomiting episodes and was thus more efficient than ginger, but after day 3 ginger was as effective as dimenhydrinate [35] . Metoclopramide, on the other side, was more potent than ginger for pregnancy-induced nausea and vomiting. Nevertheless, in this study, ginger was applied at a dosage of only 600 mg/day or 200 mg as a single dose [36] . There is no information in the literature about ginger efficacy in NVP treatment in comparison with dimenhydrinate and metoclopramide Herbal therapy in pregnancy Natural Product Communications Vol. 12 (12) 2017 1959 if ginger would have been administered in a dosage of up to either 1 g/ or 1.5 g/day.
Despite concern to whether ginger is safe in pregnancy, no serious side effects for the mother or major malformations of the fetus have been reported. Some of the described side effects included dizziness [28] , heartburn [23, 28, 30, 31, 35] , drowsiness [31, 35] , palpitations [31] , mouth dryness [31] , sedation [31] , arrhythmia [31] , stomachache [30] , increased nausea [30] , allergic reaction [27] , headache [23] , diarrhea [23] and abdominal discomfort [23] . Women treated with ginger also experienced a higher percentage of vaginal bleeding after week 17, compared with the control group [37] . However, sub-analyses according to the timing of hospitalization "did not reveal any association between the use of ginger, bleeding, and hospitalization timing". Normal ranges of birth weight, gestational age, Apgar scores and frequencies of congenital abnormalities of babies exposed to ginger in utero were reported [27] . In this study no differences in the rates of postpartum hemorrhages were observed. Also no higher risk for major malformations above the baseline rate of 1% to 3% in the ginger treated pregnancies was reported [29] . The number of spontaneous abortions, term deliveries and cesarean deliveries did not differ between the experimental and placebo group [23] . The overall risk of pregnancy complications or birth outcomes did not differ by study group [32] . In a study that was designed to follow the ginger side effects in early pregnancy, the use of ginger during pregnancy was not associated with any increased risk of congenital malformations. No increased risk for stillbirth/perinatal death, preterm birth, low birth weight, or low Apgar score was detected [37] . A significant difference in the rates of low birth weight infants (< 2,500 g) in the ginger group (p<0.05) was reported only in one study. This result may be attributed to eight sets of twins in the experimental group [29] . However, no differences in the birth weight between the experimental and control group were observed in another study [32] . A shorter gestational age and a smaller circumference of the newborn's skull among regular ginger consumers during pregnancy in comparison with non-users was also reported. However, in this study only nine women were reported to consume ginger regularly out of 630, hence the small sample size with an outlier might have an influence on the obtained results [38] . Although based on the reviewed studies ginger may be considered safe in pregnancy, women with certain medical conditions are not recommended to use ginger for NVP treatment. Ginger is known for its anticoagulant properties, hence the women on anticoagulant therapy such as heparin or warfarin, or non-steroid antiinflammatory drugs are strongly recommended to avoid ginger [39] . Women with an abortion history or vaginal bleeding are also not advised to use ginger. Ginger may also cause stomach irritation, so women with heartburn should not use ginger as well. Finally, due to its ability to stimulate bile production, it is contraindicated for women who have reported gallstones [40] . Although Commission E suggests that ginger is contraindicated in pregnancy, recent published data indicate that ginger in doses up to 2 g/day is safe in pregnancy and relatively efficient in mild and moderate pregnancyrelated nausea and vomiting. The efficacy of ginger in severe nausea and vomiting in pregnancy can be discussed.
Cranberry (Vaccinium sp. especially Vaccinium macrocarpon
Aiton, Ericaceae and Vaccinium oxycoccos L., Ericaceae) is traditionally used to treat urinary tract (UT) infections. Cranberry juice has antibacterial activity against Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa and Proteus mirabilis [41, 42] . UT infections are among the most abundant bacterial infections in pregnancy and in 2-14% cases are asymptomatic, while symptomatic UT infections may be of either the lower urinary tract (cystitis), which affect 1-4% pregnancies, or of the upper urinary tract (pyelonephritis) with an incidence of 0.5-2% among pregnant women [43] . Asymptomatic bacteriuria in pregnancy may have adverse effects on maternal health and pregnancy outcomes, including preterm delivery and low birth weight, while pyelonephritis may lead to anemia, bacteremia, septic shock, renal disease, hypertension, preterm delivery and low birth weight [44] . Although cranberry does not have the ability to inhibit bacterial growth nor to sterilize the urinary tract, it is believed that cranberry inhibits bacterial adhesion to the UT mucosa. The therapeutic properties of cranberry in UT infections are attributed to anthocyanins [45] .
There are numerous studies which either support or discourage the use of cranberry in the therapy of UT infections, including asymptomatic bacteriuria in women. The oral supplementation with cranberry extract for 60 days was effective in the prophylaxis of recurrent UT infections in young women (age 12 to 18) [46] . In women of reproductive age, cranberry lowered the number of clinical UTI episodes [47] , reduced the risk of symptomatic UT infection [48] and decreased the risk of postoperative urinary tract infection in women undergoing benign gynecological surgery involving intraoperative catheterization [49, 50] , and in older women [51] . However, cranberry concentrate did not effectively prevent UT infections in female patients over 60 with hip fracture and an indwelling urinary catheter [52] , nor in the therapy of bacteriuria plus pyuria among elderly women in a nursing home [53] .
Only a few studies [54] [55] [56] have been conducted on pregnant women to examine the efficacy of cranberry against UT infections in pregnancy and to determine its safety for the mother and the baby ( Table 2 ). In a double blind randomized study, the efficacy was tested of 240 mL cranberry juice applied as multiple doses and as a single dose against placebo [54] . A trend was observed towards a smaller number of UT infections in women treated with multiple doses of cranberry juice in comparison with the placebo. The same trend was recorded in women on therapy with a single dose, but was less pronounced. Finally, a smaller number of women who used cranberry multiple doses experienced at least one UT infection in comparison with women treated with either a single dose or placebo. The same group of authors tested cranberry capsules equivalent to the 250 mL dose of cranberry juice and the trend was observed towards fewer UT infections among women of the experimental group in comparison with the placebo [55] . However, a prospective study conducted in Norway indicated that women using cranberry during pregnancy were more likely to experience both UT and vaginal infections when compared with those who did not use cranberry. In this study daily dose, duration of treatment, treatment frequency and supplementation type were not reported [56] . The efficacy of cranberry against UT infections in pregnancy and UT infections in women generally may be questionable, but the safety of cranberry, even when used in early pregnancy, seems to be clearly determined. Cranberry may cause minor side effects for the mother, mainly related to the gastrointestinal tract such as: gastrointestinal upset, including nausea [54, 55] , vomiting [54, 55] , diarrhea [54, 55] , constipation [55] , heartburn [55] , loss of appetite [55] , stomachache [55] and dislike of taste [54, 55] . Increased risk of vaginal bleeding after 17 gestational weeks was also reported among cranberry consumers [56] . Nevertheless, cranberry did not affect either delivery or neonatal outcomes: there were no differences in gestational age, route of delivery, preterm birth, low Apgar score (<7), neonatal death, stillbirth, low birth weight and neonatal infections [54] [55] [56] . Although the usage of cranberry in UT infections in pregnancy may not give expected improvement, it can No side effects reported.
Keating and Chez [25]
Double-blind, placebocontrolled, randomized clinical trial 21 women (7-11 gestational weeks) (12 in ginger group vs. 9 in placebo) 1 tablespoon of ginger syrup containing 250 mg ginger (or placebo) in 4 to 8 ounces of hot or cold water 4 times daily for 2 weeks Improved nausea and vomiting compared with placebo.
No side effects were reported.
Fischer-Rasmussen et al. [26]
Double-blind randomized cross-over trial 27 pregnant women admitted to hospital with hyperemesis gravidarum before the 20th week of gestation Capsules containing either 250 mg ginger or lactose 4 times a day for 4 days, 2 days wash out period and 4 days alternative medication
Symptoms relief was found after ginger treatment compared with placebo (p = 0.035).
No side effects reported.
Willetts et al. [27]
Double Cohort study 1020 pregnant women (17-30 weeks); 466 used ginger during the first trimester and of those who used ginger, 15% used also other medications against nausea and vomiting
Not defined in the study, but assumed to be various forms and dosages
No data reported. The use of ginger during pregnancy was not associated with any increased risk of congenital malformations. No increased risk for stillbirth/perinatal death, preterm birth, low birth weight, or low Apgar score was detected for the women exposed to ginger during pregnancy compared with women who were not exposed.
In ginger group higher percentage experienced vaginal bleeding after week 17 compared with control. Trabace et al. [38] Retrospective study 9 pregnant women were exposed to ginger out of 630 followed Not defined Probably various forms Not defined.
Shorter gestational age. Smaller circumference of the newborns skull.
Note: The given number is for the women followed up to the end of each study and whose results were taken into account and not for the total number of women enrolled in the studies.
be considered as a relatively non-harmful herbal supplement. However, women should not be encouraged to use it as a substitute for antibiotic therapy. Pregnant women on anticoagulant therapy should not be recommended cranberry since cranberry change INR and its interaction with warfarin is well known and documented [57, 58] . Women with nephrolithiasis may be at increased risk of stone formation if they consume a large amounts of cranberries [59] . Pregnant women with heartburn and stomachache should also avoid cranberry.
Echinacea sp. Echinacea angustifolia DC, Asteraceae, E. purpurea L., Asteraceae and E. pallida Nutt, Asteraceae are three members of the genus Echinacea that have medicinal application.
Echinacea species are primarily used to treat upper respiratory tract (URT) infections, such as infectious rhinosinusitis (the common cold) and pharyngitis (sore throat). Echinacea was attributed the immunomodulatory activity by strengthening a weakened immune system and restoring balance. Echinacea probably affects the inflammation process by interference with the activation of macrophages and their cytokine secretions in vitro [60, 61] . The immunostimulatory (phagocyte-enhancing) effect of Echinacea may be a result of the synergistic action of various compounds: alkylamides, caffeic acid derivatives and other phenol containing compounds, glycoproteins and polysaccharides [62] . Moreover, three pathogens Streptococcus pyogenes, Haemophilus influenzae, and Legionella pneumophila were sensitive to Echinacea extract [63] . Echinacea is available in the form of capsules, tablets, tincture, liquid formulation and tea.
Several clinical randomized double blind studies confirmed the moderate efficacy of Echinacea in the therapy of UT infections in adults over 18, but from all observed studies pregnant women were excluded [64] [65] [66] [67] [68] . In pregnant women (Table 3 ), in 81% of the 206 treated women Echinacea improved their upper respiratory tract ailment [69] . However, other studies indicated lack of efficacy of Echinacea sp in the treatment of the common cold [70] [71] [72] [73] . The safety of Echinacea in pregnancy based on animal studies may also be questionable. When pregnant mice were exposed to 0.6 mg/day/body weight Echinacea sp in the form of three various tablet types dissolved in water, embryonic angiogenesis was affected. Three different Echinacea sp products decreased the levels of VEGF and bFGF in a statistically significant manner. Moreover, two of three tested Echinacea sp products decreased the number of fetuses per liter in comparison with the control, although not statistically significant [74] . Six pregnant mice treated with 0.45 mg/kg/day Echinacea sp were reported with modified hematopoiesis since the number of hematopoietic cells was decreased to the level of nonpregnant mice. The number of vital fetuses was reduced in mice exposed to Echinacea sp in comparison with the control [75] .
Despite the concern about Echinacea sp application in pregnancy based on animal models, the human studies indicated that Echinacea can be considered safe for both the mother and the baby. Namely, no side effects were recorded when 206 women used Echinacea sp during pregnancy in various forms and 112 used it during the first trimester. Birth outcomes were followed and documented and no differences in birth outcomes, gestational age, birth weight, minor or major malformations, maternal weight gain or delivery method were observed between the experimental and control groups [69] .
These results were consistent with the findings of the prospective study in which no increased risk of malformations or adverse pregnancy outcomes were reported among women who used Echinacea sp [76] . Reported adverse effects of Echinacea are rare and some of them include nausea, vomiting, sore throat, abdominal pain, diarrhea, and difficulty in swallowing [77] . No dosedependent adverse effects were characterized, and no overdoses were reported. Interactions are unknown. There are no evidencebased contraindications for Echinacea application. Theoretically Echinacea should not be applied to patients with diagnosed chronic progressive immune-mediated diseases such as tuberculosis and multiple sclerosis. It is assumed that due to its immunostimulating properties Echinacea may exacerbate immune-mediated diseases [62] . Echinacea may be considered as safe for use during pregnancy, and relatively efficient in therapy of cold and upper respiratory tract infection. Prescribed antibiotic therapy should not be avoided and Echinacea should not be used as an alternative but rather as adjunct therapy Flaxseed (Linum usitatissimum L., Linaceae) has been cultivated since the beginning of civilization and, according to Ayurveda, flaxseed oil brings mental and physical endurance, while Hippocrates recommends flax against abdominal pain [78] .
Recently flaxseed was recognized to have beneficial effects on diabetes mellitus type 2 due to its dietary fibers, lignans, and ω-3 fatty acids. Namely, flaxseed consummation in overweight or obese individuals with pre-diabetes resulted in reduced glucose and insulin levels and improved insulin sensitivity [79] . In patients with diagnosed diabetes mellitus type 2 flaxseed supplementation reduced not only fasting blood glucose and glycated hemoglobin levels, but also decreased the values of total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL), and increased high-density lipoprotein cholesterol (HDL) [80] . Moreover, in menopausal diabetic women, flaxseed improved the values of postprandial blood glucose [81] . However, flaxseed supplementation did not affect fasting serum glucose and insulin in healthy menopausal women [82] and it had no effect on glycemic control in type 2 diabetics [83] . In about 1-14% pregnancies Ingested one 240 mL bottle, containing either cranberry juice or placebo, at each meal (3times daily) until delivery. After 52 subjects were enrolled, the dosing frequency was reduced to twice daily.
Trend toward fewer UT infections, both asymptomatic and symptomatic, in those women who received multiple daily doses of cranberry compared with those women who received placebo. Trend toward fewer UT infections persisted with single daily dosing with cranberry, although the magnitude of the difference was less. More women in the one daily dosing group and the placebo group were likely to have at least one UTI during the study compared with the multiple daily dosing group.
Gastrointestinal upset including nausea, vomiting, diarrhea and taste dislike. No differences in gestational age, route of delivery, preterm birth, low Apgar score (<7).
Wing et al. [55]
Double-blind randomized placebo control study 49 gestational diabetes is diagnosed [84] , which can be associated with increased risk of diabetes mellitus type 2, pre-eclampsia, higher rates of cesarean section, neonatal hypoglycemia, preterm delivery, and hyperbilirubinemia [85] .
In animal models, maternal supplementation with flaxseed oil resulted in normal pancreas histomorphometry and β-cell mass in both female [86] and male offspring [87] , while treatment of diabetic mothers with flaxseed flour reversed offspring low birth weight [88] . Supplementation with ω-3 fatty acids from flaxseed oil in combination with vitamin E in women with gestational diabetes resulted in a reduction of all parameters of glucose homeostasis: glucose and insulin levels, as well as values for the homeostasis model of assessment-estimated insulin resistance (HOMA-IR), in addition to serum triglycerides, very low density cholesterol (VLDL) and HDL concentrations [89] , followed by increment of total antioxidant capacity and decrement of plasma malondialdehyde (MDA) concentrations, as well as lower incidences of hyperbilirubinemia in newborns [90] . Intake of long-chain ω-3 fatty acids or alpha-linolenic acid of the flaxseed oil had no effect on the timing of spontaneous delivery [91] . Although well tolerated, possible side effects include: pruritus, urticaria, acute dyspnea, nausea, vomiting, abdominal pain, and general malaise [92] . Flaxseed consumption in the last two trimesters of pregnancy was not associated with low birth weight [93] . Flax is a bulk-producing, stool-softening laxative so it may interfere with the absorption of various drugs, cholesterol, and lipids [94] . Flaxseed interferes with platelet aggregation and may increase bleeding time and so should not be recommended for women on anticoagulant therapy. Flaxseed has unexplained hormone sensitive properties attributed to lignans, which probably bind to estrogen receptors. Hence, it should be avoided in pregnant women with hormone-sensitive conditions [92] . Flaxseed seems to be a promising adjunct therapy against gestational diabetes; it is relatively safe and does not interfere in pregnancy progression and outcomes. Flaxseed should be recommended only by healthcare professionals.
Mint, peppermint (Mentha x piperita L., Lamiaceae) is one of the most popular herbal teas. Folk medicine recognizes its beneficial effects in biliary disorders, dyspepsia, enteritis, flatulence, gastritis, intestinal colics, spasms of the bile duct, gallbladder and gastrointestinal tract. The antiemetic activity of peppermint may be attributed to its active compounds menthone and menthol, which have aromatic, spasmolytic, carminative and absorbent properties [95] . Postoperative nausea and/or vomiting were relieved by controlled breathing with peppermint aromatherapy and it was proposed as an alternative therapy to prescribed antiemetics [96] or to enable less traditional antiemetic therapy [97] . Significant reduction in the intensity and number of emetic events in the first 24 h after chemotherapy was also recorded in the group treated by peppermint aromatherapy [98] . It is assumed that mint oil aromatherapy reduces nausea and vomiting in the first trimester, and also relieves postoperative nausea in women delivering by Caesarean section. Inhaled mixed mint and lavender oil minimized the nausea severity, decreased fatigue and increased the subjective level of energy in pregnant women at 8-16 gestation weeks [99] . Peppermint spirits aromatherapy was observed as a useful adjunct intervention for postoperative nausea after Cesarean section in 33 women in comparison with placebo [100] . However, mint inhalation (four drops of mint oil in hot water ) for four consecutive nights by women in early pregnancy (n=30) did not affect nausea and vomiting in comparison with the placebo group where women Herbal therapy in pregnancy Natural Product Communications Vol. 12 (12) 2017 1963 inhaled saline solution (n=30). Only the severity of nausea had a decreasing trend when compared with placebo, but this was not statistically significant [101] .
Although well tolerated and considered to be safe, Mentha x piperita is not recommended to patients with gastrointestinal reflux, since mint oil may cause heartburn and perianal irritation. Moreover, it is contraindicated in patients with gallbladder stones, gallbladder inflammation and liver damage. If overdosed, mint oil may cause hypersensitivity, contact dermatitis, bradycardia, muscle tremor in adults and apnea, laryngeal and bronchial spasm, acute respiratory distress and respiratory arrest [102] . However, using peppermint during late pregnancy was not associated with low birth weight [93] . Although mint may not be efficient in pregnancy related nausea and vomiting, it may be considered as a relatively safe adjunct therapy during pregnancy. However, contraindicated conditions for mint oil applications should be emphasized.
Chamomile (Matricaria chamomilla L., Asteraceae) was traditionally used for centuries to treat wounds, ulcers, eczema, gout, skin irritations, bruises, and burns, as well as neuralgia, rheumatic pain, hemorrhoids, and eyes disorders, including blocked tear ducts, and conjunctivitis. Chamomile was used as a mild digestive relaxant to treat motion sickness, nausea, and vomiting and it is known as a uterine tonic in women [103] . In the first trimester of pregnancy it is used to relieve nausea and to reduce vomiting episodes, while in the last trimester it is used to reduce labor pain. However, chamomile did not relieved labor pain in 33 women during delivery in comparison with placebo [104] . There is no study to support the efficacy of chamomile against nausea and vomiting in early pregnancy, or its relaxant effect during pregnancy.
Although use of chamomile in the last two trimesters was not connected with low birth weight [93] , regular and intermittent use of chamomile during pregnancy brought some concerns regarding both maternal and fetal morbidity and mortality. Out of 392 pregnant women in Italy, 109 used various herbal products and a higher incidence of threatening miscarriages and preterm labors were reported in those women who used chamomile regularly [105] . Among 225 women who used chamomile from 630 interviewed, shorter gestational period, lower birth weight and decrement of the length of the newborn in comparison with non-users was observed, with statistical significance [38] . In another study, lower birth weight among the women who consumed chamomile during pregnancy in comparison with non-users was reported [11] . Moreover, a case report with a fatal outcome for the newborn was reported after application during pregnancy of an enema containing glycerol and Kamillosan, an oily extract of chamomile flowers. Kamillosan application was followed by anaphylaxis, which was demonstrated by nausea, urticaria, larynx edema, tachycardia, and hypotension with loss of cardiac sounds in cardiotocography, and finally emergent cesarean section. The newborn had severe asphyxia (Apgar score = 0) and died the following day [106] . It was noticed that the incidence and risk of type I allergy to chamomile might not have been taken seriously and might have been underestimated [107] . There are two case reports where constriction of the ductus arteriosus in the fetus was described after maternal consumption of chamomile tea. In the first, it was observed at 20 gestation weeks on a fetal cardiac scan, a constricted ductus arteriosus and an increase in blood velocity. The mother was advised to avoid chamomile tea consumption, and a week later, complete resolution was observed of the ductal constriction with no acceleration in blood flow velocity across the ductus arteriosus. In the second case, due to fetal tachycardia and ductal constriction in the 35th gestation week, the baby was delivered by Cesarean section and the ductus closed 6 hours after birth. The mother reported intermittent use of chamomile tea [108] . There are possible interactions of chamomile with anticoagulant therapy [39] . Chamomile consumption during pregnancy, although generally considered as safe, should be avoided since the benefit expected for the mother is inadequate to the risk for normal fetal development.
Raspberry (Rubus idaeus L., Rosaceae) leaf is the most common application in pregnancy used to tone and prepare the uterus and the cervix for labor, to induce labor and to shorten the delivery time.
Herbal preparations that facilitate labor are known as partus preparators [109] . Terpenes in the raspberry leaf preparations were attributed the ability to relax intestinal smooth muscles [110] . Oral treatment of rats with raspberry leaf at a dose 10 mg/kg/day from day one of gestation until birth in comparison with three control groups indicated statistically significant increase in the gestation length of the test group. However, the pregnancy success rate in the raspberry leaf group was less than control groups, but with no statistical significance. The raspberry leaf group offspring (F1) experienced an early puberty and reduced fertility [111] . In vitro raspberry leaf preparations had little effect on rat's uterus contractility [112] . The highlights of human studies conducted on pregnant women with raspberry leaf are shown in Table 4 . A retrospective study on 57 women who consumed various raspberry leaf products had shortened labor in comparison to 51 women of the control group [113] . A randomized double blind placebo-controlled trial on 96 women treated with 1.2 g/twice a day of raspberry leaf tablets, for 32 gestation weeks until labor vs 96 women treated with placebo, indicated that raspberry leaf treatment was not efficient in shortening the first stage of labor. However, in another study the shortening of the second stage of labor was observed [114] . No adverse effects to the babies and a lower rate of forceps deliveries were reported [114] . These findings are consistent with the retrospective study results where women who consumed raspberry leaf preparations were less likely to receive an artificial rupture of their membranes, or require a caesarean section, forceps or vacuum birth than the women in the control group. Moreover, there were no recorded preterm births in the raspberry leaf group. Similar outcomes for admissions to the nursery and Apgar scores between the experimental and placebo group were reported [113] . However, in the Norway study, in the 34 women who consumed raspberry leaf preparations during pregnancy a significant association with the number of Cesarean section deliveries was found. The authors reported that although a small number of participants were observed, this finding might be of clinical significance. Raspberry leaf however neither affected the gestational length, the birth weight nor it influenced neonatal complications [4] . The only exclusive side effect reported in the raspberry group was constipation [114] , probably due to high tannin content of the raspberry leaf. Raspberry leaf consumption may not produce desirable effects in pregnancy by facilitating the labor and moreover it may alter the delivery outcome. Hence, until more clinical trials are conducted it should not be recommended at late pregnancy.
Valerian (Valeriana officinalis L., Valerianaceae) has anxiolytic and sedative effects and it is also beneficial against sleep disorders, often associated with stress and anxiety. Pharmacological activities of valerian are the result of more than 150 active compounds which probably have synergistic action [115] . High exposure to stress in pregnancy (78% experienced low-to-moderate psychosocial stress and 6% experienced high levels during pregnancy in urban environment) is related to preterm delivery and low birth weight [116] . Sleeping disorders occur often in pregnancy and are described by up to 78% pregnant women, while as many as 98% of women in the third trimester report nocturnal awakenings [117] . Valerian extract was as effective as diazepam in reducing symptoms of anxiety in patients with general anxiety disorder [118] , while valerian capsules were effective in reducing anxiety in women undergoing hysterosalpingography [119] . Moreover, valerian seems to alleviate insomnia and anxiety in patients with bipolar disorder and improve the outcomes of standard treatment [120] . However, after reviewing the results of preclinical trials [121] , there were doubts regarding the valerian efficacy in the therapy of anxiety disorders. One can discuss the valerian efficacy against insomnia as well [122] , but there are some studies which support the treatment of sleeping disorders with valerian. Valerian showed comparable efficacy with oxazepam in non-organic insomnia i.e. similar feeling of refreshment after sleep , psychic stability in the evening, psychic exhaustion in the evening, psychosomatic symptoms in the sleep phase, dream recall, and duration of sleep were confirmed in both valerian and oxazepam group [123] . Valerian improved sleep quality among postmenopausal women who experienced insomnia in comparison with placebo [124] , as well as in insomniac after benzodiazepine withdrawal with improved sleep latency and increased alpha count in slow-wave sleep [125] .
Animal studies indicated that valerian extract is safe in pregnancy. The valerian extract consumption up to 65 times the human dose did not induce an adverse reproductive outcome in rats. No adverse effects on fertility or fetal development were recorded. However, high levels of valepotriates, active valerian compounds, might have developmental toxicity [126] . Maternal treatment of mice with valerian extract had no effect on brain weight, cerebral cortex volume and copper level in fetal brain, but it significantly decreased the level of zinc [127] . In human studies, valerian consumption during pregnancy was not associated with gestational age at birth, birth weight and length of the newborn [38] . In a Swedish study, in 787 women who used herbal medication in early pregnancy, where valerian was one of the three most popular, no signs of an unfavorable effect on pregnancy outcome were recorded [128] . Moreover, valerian root is considered to have no genotoxic properties [129] . Valerian consumption in the general population is considered as safe [130] and with no clinically important drug interactions [131] . In pregnancy, valerian application should be under professional supervision and concomitant use with sedatives should be avoided.
Tea (Camellia sinensis (L.) Kuntze, Theaceae) can be prepared as green, black or oolong tea: when green tea is produced, the oxidation of polyphenols from the leaf is prevented, for black tea preparation, the oxidation process is stimulated, while oolong tea preparation requires partially oxidation, which results in an intermediate composition between the green and black teas. Tea is rich in polyphenols, with catechins as dominant ingredients. Caffeine is present up to 3% [132] . Many animal models and clinical trials indicated its possible beneficial effect on various health problems among which are antimutagenic, antioxidant and anticancerogenic effects. It is believed that tea has a positive effect in obese, diabetes mellitus type 2 and hypercholesterolemic patients.
Green tea is one of the most popular used herbal products during pregnancy. However, the possible side effects of its overconsumption are the result of high caffeine content, the presence of aluminum in the leaf and the interference of tea polyphenols with iron absorption [133] . Another concern is the effect of tea polyphenols on prostaglandin metabolism. Namely, it was observed in an animal model that maternal overconsumption of green tea in late pregnancy resulted in fetal ductus arteriosus constriction, followed by dilated and hypertrophic right ventricular increase in mean systolic velocity and mean diastolic velocity of the fetus in comparison with non-exposed ones [134] . These findings were consistent with the prospective study results where in 102 fetuses exposed to polyphenol rich maternal diet in late pregnancy, changed fetal ductus arteriosus flow dynamics (higher ductal velocities and higher right-to-left ventricular ratio) were detected when compared with 41 non-exposed ones [135] . The restriction of polyphenols rich food consumption for two weeks in normal late pregnancies resulted in improved ductus arteriosus flow dynamics and right ventricular dimensions [136] . Finally, after maternal restriction of polyphenol rich food during the third semester, complete reversal of ductal constriction was observed in all 51 fetuses with diagnosed constriction of ductus arteriosus [137] . High maternal caffeine consumption was associated with an increased risk of low birth weight and a linear dose-response was observed between caffeine intake increment during pregnancy and risk for low birth weight [138] . Moreover caffeine overconsumption during pregnancy was associated with impaired fetal length growth and expressed the possible adverse effect on fetal skeletal growth [139] . Although some studies indicated that reducing caffeine consumption did not affect birth weight [140] , other studies suggested that during pregnancy both caffeine overconsumption [141] and caffeine intake below the recommended maximum [142] , was associated with a smaller size of the baby for gestational age. Based on currently published studies, it was estimated that consumption of 200 mg caffeine during pregnancy can be considered as safe [143] . Tea consumption was recognized as one of the factors associated with anemia and iron deficiency among pregnant women [144] . Intake of green and oolong tea in high amounts during pregnancy was also related with decreased folate serum levels among pregnant women [145] . Even though, caffeinated tea consumption was not associated with spina bifida, but the positive association was observed between spina bifida and total caffeine consumption. Hence, caffeine intake during pregnancy was recognized as a risk factor for neural tube defects complications [146] . Moderate tea intake during the first trimester was not related with gestational diabetes and even some protective effect was observed [147] . However, persistent tea drinking in pregnancy was also associated with increased risk for pre-eclampsia [148] . Finally, in animal models green tea extract exposure has teratogenic potential and had an adverse effect on eyelid development [149] . Interaction with anticoagulant therapy is not Herbal therapy in pregnancy Natural Product Communications Vol. 12 (12) 2017 1965 excluded and caution is required in concomitant use [39] . Tea, caffeinated beverages and polyphenol-rich food consumption during pregnancy seems to interfere with pregnancy progression and outcome as well as with fetal development. Tea may have adverse events in pregnancy and normal development of the fetus, even in doses recognized as moderate and safe. Hence, tea consumption should be avoided during pregnancy.
The list of herbal products used during pregnancy is not complete. The authors have chosen the most frequently used ones, as reported in the studies of Kennedy et al. [3] , Holst et al. [6] and Moussally et al. [10] .
Pregnancy is a condition associated with psychological, physiological and anatomic changes of the mother in order to nurture the fetus and to prepare for labor and delivery. These changes are often followed by specific pregnancy related health conditions such as nausea, vomiting, heartburn, anxiety, insomnia, gestational diabetes, and infections of the upper respiratory and urinary tracts. Pregnant women often reach for herbal products to facilitate pregnancy-related health problems or infections or to maintain health and welfare. Most of the herbal products used in moderate amounts, consumed in the form of tea or infusion are safe for use during pregnancy. However, medical amounts of herbal products or overconsumption of herbal preparations may be unsafe for fetal development or delivery outcome. Solid and defined conclusions are not possible without suspicion in adverse events when herbal therapy is used in pregnancy. Moreover, the efficacy of many herbal products is questionable and not clinically proven. Use of herbs during pregnancy requires consultation with an experienced herbalist. A healthcare professional, physicians, obstetricians, midwifes and pharmacists should be educated and updated about new clinical studies which provide information regarding both safety and efficacy of herbal products application during pregnancy.
